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(54) Organic electroluminescent element 

(57) An organto etectrotumlnescent element com- 
prising a light emission layer comprised of single or plu- 
ral thin layers of an organk: compound put between an 
anode and a cathode fiacing to each other Is disclosed. 
At least one of the thin layer of the organk; compound 
contains an organic metal complex having both of an 
ionic coordinate bond formed between a nitrogen anion 
and a metal cation and a coordinate bond formed by a 
nitrogen atom or a chalcogen and a metal. 
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Description 

RELO OF THE INVENTION 

5 [0001] This invention relates to a material of organic efectroluminescent element and an organic electrolumines- 
cent element (hereinafter refen^d to an organic EL), particularly relates to a material of organic EL element and an 
organic electroluminescent element excellent in the luminance of the light emitted thereby. 

BACKGROUND OF THE INVENTION 

10 

[0002] An inonganic electroluminescent element has been used for a plane-shaped light source, and a high voltage 
alternating current has been required to drive such the element. 

[0003] An organic electroluminescent element recently developed is constituted by a thin layer containing a fluores- 
cent organic compound arranged between a cathode and an anode, and an electron and a positive hole were injected 

IS Into the thin layer to fonn an exciton by recombination of the electron and the positive hole. The element emits light uti- 
lizing the generation of light, fluorescent light or phosphorescent light, by the inactivation of the exciton. The element 
can emit light by applying a relatively low voltage such as from several to several decade volts, the element Is excellent 
in the dependency of viewing angle and in the visuallty since the element is self light emission type, and the element Is 
a complete solid element Accordingly, such the element is noted from the viewpoint of the space saving and portabifity. 

20 [0004] Various organic EL elements have been reported. For example, Appl. Phys. Lett. Vol. 51 , p. 913, and Japa- 
nese Patent Publication to Open Inspection (hereinafter referred to JP O.P.I.) No. 59-194393 disclose an element hav- 
ing a combination of a positive hole Injection layer and an organic fluorescent layer, JP O.P.I. No. 63-295695 discloses 
one having a combination of a positive hole injection layer and an electron injection and transportation layer, and Jpn. 
Journal of Applied Physics. Vol. 127, No. 2, p.p. 269-271 discloses one having a combination of a positive hole trans- 

25 portation layer, a light emission layer and an electron transportation layer 

[0005] However, further raising in the energy conversion efficiency and the light emission quantum efficiency are 
required and a problem of short lifetime of light emission is pointed out Factors such as decomposition of the organic 
compound constituting the thin layer and crystallization of the organic compound in the thin layer which are caused by 
the organic compound used for the material of the organic EL element are pointed out as the reason of lowering of the 

30 luminance in the period of time even though the reason is not completely elucidated yet 

SUMMARY OF THE INVENTION 

[0006] The object of the invention is to provide a material of organic electroluminescent element and an organic 
35 electroluminescent element excellent in the light emission efficiency and Is capable of emitting high luminance light 
[0007] The object can be attained by the following constitution. 

(1) An organic electroluminescent element comprising a light emission layer comprised of single or plural thin lay- 
ers of an organic compound put between an anode and a cathode facing to each other, in which at least one of the 

4o thin layer of the organic compound contains an organic metal complex having both of an ionic coordinate bond 
formed between a nitrogen anion and a metal cation and a coordinate bond formed by a nitrogen atom or a chal- 
cogen and a metal. 

(2) An organic electroluminescent element comprising a light emission layer comprised of single or plural thin lay- 
ers of an organic compound put between an anode and a cathode facing to each other, in which at least one of the 

45 thin layer of the organic compound contains an organic metal complex having both of an ionic coordinate bond 
formed by a nitrogen anion Included in an aromatic heterocyclic ring and a metal cation and a coordinate bond 
formed between a nitrogen atom or a chalcogen and a metal. 

(3) The organic electroluminescent element described in (2) in which a substituent of the nitrogen anion-contalnlng 
aromatic heterocyclic ring forming the ionic coordinate bond with the metal cation has a Hammetf s op value of from 

so -1.0010 0.65. 

(4) An organic electroluminescent element comprising a light emission layer comprised of single or plural thin lay- 
ers of an organic compound put between an anode and a cathode facing to each other, in which at least one of the 
thin layer of the organic compound contains a salt of the anion of a compound represented by Formula 1 and a 
metal cation. 

ss 
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Formula I 



5 




Wherein R^, and R3 are each a hydrogen atom or a substituent having a Hammetf s value of from -1.00 to 0.65. 
83 and R3 may be bonded with each other to form a ring condensed with the imidazoie ring, and at least one of R^. 
R2 and R3 has a nitrogen atom or a chalcogen atom at a position far from 2 or 3 atoms from the nitrogen atom fonn- 
is ing an Ionic coordinate bond with a metal cation. 

(5) An organic electroluminescent element comprising a light emission layer comprised of single or plural thin lay- 
ers of an organic compound put between an anode and a cathode facing to each other. In which at least one of the 
thin layer of the organic compound contains a salt of the anion of a compound represented tfy Formula II and a 
metal cation, 

20 

Formula II 



25 




H NH 

30 wherein R4, R5 and Rg ane each a hydrogen atom or a substituent, R4 and R5 or R^ and Rg may be bonded with 
each other to a ring condensed with the pyrazole ring, and at least one of R4, R5 and Re has a nitrogen atom or a 
chalcogen atom at a position feir from 2 or 3 atoms from the nitrogen atom forming an tonic coordinate t)ond with a 
metal cation. 

(6) An organic electroluminescent element comprising a light emission layer comprised of single or plural thin lay- 
^ ers of an organic compound put between an anode and a cathode facing to each other, in which at least one of the 
thin layer of the organic compound contains a salt of the anion of a compound represented by Formula 111 and a 
metal cation, 

40 Formula III 



45 




wherein Li is an -NCRg)- group or a -C(Rio)(Rn)- group, L2 Is a nitrogen atom or a -C(Ri2)= group, L3 Is a nitrogen 
50 atom or a =€(813)- group, R7. Re. Rg. R10. Rn. R12 ®3Ch a hydrogen atom or a substituent, R7 and 

R3 may be bonded with each other to form a ring condensed with the pyrazole ring, and at least one of R7 through 
Ri3 has a nitrogen atom or a chalcogen atom at a position far from 2 or 3 atoms from the nitrogen atom forming an 
ionic coordinate bond with a metal cation. 

(7) An organic electroluminescent element comprising a light emission layer comprised of single or plural thin lay- 
55 ers of an organic compound put between an anode and a cathode facing to each other, in which at least one of the 
thin layer of the organic compound contains a salt of the anion of a compound represen 
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Formula IV 




I I ir 
• N U 



ted by Fonnuta IV and a metal cadon. wherein L4 is an -N(R|g)- group or a 'C(R^7)(R^b}- group. L5 is a nitrogen 
atom or a -C(Rig)= group, Le is a nitrogen atom or a =C(R2o)' group* Ri4i Ris* B^s* ^17> ^ib> ^19 ^ ^ 
a hydrogen atom or a substituent, and at least one of R^4 through R20 has a nitrogen atom or a chaloogen atom at 
a position far from 2 or 3 atoms from the nitrogen atom forming an ionic coordinate bond with a metal cation. 
(8) An organic electroluminescent element comprising a light emission layer comprised of single or piural thin lay- 
ers of an organic compound put between an anode and a cathode facing to each other, in which at least one of the 
thin layer of the organic compound contains a salt of the anion of a compound represented by Formula V and a 
metal cation, 



wherein L7 is an -N{R23)- group or a -C(R24)(R25)- group, Lq is a nitrogen atom or a -C(R26)= group, Lg is a nitrogen 
atom or a =C(R27)' group, R21, R22. ^23. R24. f^as. ^26 ^27 ^^e each a hydrogen atom or a substituent Rgi 
and R22 may be bonded with each other to fomn a ring condensed with the pyrazole ring, and at least one of R21 
through R27 has a nitrogen atom or a chatcogen atom at a position far from 2 or 3 atoms from the nitrogen atom 
forming an ionic coordinate bond with a metal cation. 

(9) An organic electroluminescent element comprising a light emission layer comprised of single or plural thin lay- 
ers of an organic compound put between an anode and a cathode facing to each other, in which at least one of the 
thin layer of the organic compound contains a salt of the anion of a compound represented by Formula VI and a 
metal cation. 



wherein L^o'is an -N(R29)- group or a -C(R3q)(R3i)- group, Li | is a nitrogen atom or a -C(R32)= group, L^2 ^ ""^O" 
gen atom or a =C(R3q)- group, R28, R29, R30, R31. R32. and R33 are each a hydrogen atom or a substituent, and at 
least one of R28 through R33 has a nitrogen atom or a chalcogen atom at a position far from 2 or 3 atoms from the 
nitrogen atom fonning an ionic coordinate bond with a metal cation. 

(1 0) An organic electroluminescent element comprising a light emission layer comprised of single or plural thin lay- 
ers of an organic compound put between an anode and a cathode facing to each other, in which at least one of the 
thin layer of the organic compound contains a salt of the anion of a compound represented by Formula VII and a 
metal cation. 



Formula V 




Formula VI 
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Formula VII 



5 




wherein L^sisen -N(R35)- group or a -C(R3g)(R37)- group, L^4 Is a nftrogen atom or a -C(R33)= group, L^s is a nitro- 
gen atom or a =0(839)- 9"^^P* ^34> ^* F^se* ^37* ^38 ^39 ^^^^ ^ hydrogen atom or a substituent, and at 
least one of R34, R35, R36, R37. R38 and R39 has a nitrogen atom or a chalcogen atom at a position far from 2 or 3 
IS atoms from the nitrogen atom forming an ionic coordinate bond with a metal cation. 

(1 1 ) An organic electroluminescent element comprising a light emission layer comprised of single or plural thin lay- 
ers of an organic compound put between an anode and a cathode facing to each other. In which at least one of the 
thin layer of the organic compound contains a salt of the anion of a compound represented by Formula VI li and a 
metal cation, 

20 

Formula VIII 



25 




30 

wherein Lt6 is an -N(R4t)- group or a -C(R42)(R43)- group, L^j is a nitrogen atom ora -C(R44)= group. L^eis a nitro- 
gen atom or a -0(845)- 9^^P» ^42* ^43' ^44 ^^d R45 are each a hydrogen atom or a substituent, arid at 
least one of R40 through R45 has a nitrogen atom or a chalcogen atom at a position far from 2 or 3 atoms from the 
nitrogen atom forming an ionic coordinate bond with a metal cation. 
35 (12) An organicelectroiuminescent element comprising a light emission layer comprised of single or plural thin lay- 
ers of an organic compound put between an anode and a cathode facing to each other, in which at least one of the 
thin layer of the organic compound contains a salt of the anion of a compound represented by Formula IX and a 
metal cation, 

40 

Formula IX 




O 



wherein R46. R47, R48 and R49 are each a hydrogen atom or a substituent, R4^ and R47 may be bonded with each 
other to form a ring condensed with the pyrazole ring. R43 and R49 may be bonded wrth each other to form a ring 
condensed with the Imidazole ring, and at least one of R46 through R4g has a nitrogen atom or a chalcogen atom 
55 at a position far from 2 or 3 atoms from the nitrogen atom forming an ionic coordinate bond with a metal cation. 

(13) An organic electroluminescent element comprising a light emission layer comprised of single or plural thin lay- 
ers of an organic compound put between an anode and a cathode facing to each other. In which at least one of the 
thin layer of the organic compound contains a salt of the anion of a compound represented by Fomnula X and a 
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metal cation. 

Formula X 



10 




15 Wherein R50, R51 , Rsg and R53 are each a hydrogen atom or a substituent, R50 and R^^ may be bonded with each 
other to form a ring condensed with the pyrazole ring, R52 and R53 may be bonded with each other to form a ring 
condensed with the pyrimidine ring, and at feast one of R50 through R53 has a nitrogen atom or a chalcogen atom 
at a position far from 2 or 3 atoms from the nitrogen atom fomiing an ionic coordinate bond with a metal cation. 
(14) An organic electroluminescent element comprising a light emission layer comprised of single or plural thin lay- 

20 era of an organic compound put between an anode and a cathode fiacing to each other, in which at least one of the 
thin layer of the organic compound contains a salt of the anion of a compound represented by Fomnula Xi and a 
metal cation. 



Formula XI 



30 




35 

wherein R54, R55, and R53 are each a hydrogen atom or a substituent. R54 and R55 may be bonded with each other 
to form a ring condensed with the pyrazole ring, and at least one of R54, R55 and R56 has a nitrogen atom or a chal- 
cogen atom at a position farfmm 2 or 3 atoms from the nitrogen atom forming an ionic coordinate bond with a metal 
cation. 

40 (15) An organic electroluminescent element comprising a light emission layer comprised of single or plural thin lay- 
ers of an organic compound put between an anode and a cathode facing to each other. In which at least one of the 
thin layer of the organic compound contains a salt of the anion of a compound represented by Formula Xil and a 
metal cation. 
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Formula XII 




wherein and Z2 are each a group of atoms necessary to form a 5- or 6-member ring, R57 is a subst'rtuent, is 
a nitrogen atom ora cartwn atom wherein one of bonds of X-j to L^g and X^ to L20 case that X-i is a carbon atom, 
one of a 5-member ring formed by X^, 1^9 and L20 and a ring fomned by X^ , L20 and is an aromatic ring. L^g 
and L20 are each an -N=, an - N(R58)- group, an an -S- or a -Se-, and R55 is a subst'rtuent. 

(16) An organic electroluminescent element comprising a light emission layer comprised of single or plurai thin lay- 
ers of an organic compound put between an anode and a cathode facing to each other, in which at least one of the 
thin layer of the organic compound contains an organic metal complex having a coordination bond fonned by an 
oxygen anion and metal cation and a coordination bond formed between nitrogen or chalcogen atom and metal. 

(17) An organic electroluminescent element comprising a light emission layer comprised of single or plural thin lay- 
ers of an organic compound put between an anode and a cathode facing to each other, in which at least one of the 
thin layer of the organic compound contains a salt of the anion of a compound represented by Formula XIII or For- 
mula XIV and a metal cation. 



wherein Z3 and Z4 are groups of atoms necessary to fonn an aromatic heterocyclic rings respectively with the - 
C(R59)=C(OH) group or the -N(Reo)-C(OH)- group, the aromatic heterocyclic ring may have a substituent and the 
substituents adjacent with each other may be bonded to form a ring condensed with the aromatic heterocyclic ring, 
and R59 and Rqq are each a heterocyclic ring containing one or two nitrogen atoms and one of the nitrogen atom 
Is at posltion-1 or posit1on-2 of the ring. 

(18) An organic electroluminesoent element comprising a light emission layer comprised of single or plural thin lay- 
ers of an organic compound put between an anode and a cathode facing to each other, in which at least one of the 
thin layer of the organic compound contains a salt of the anion of a compound represented by Formula XV or For- 
mula XVI and a metal cation. 



Formula XIII 



Formula XIV 
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Formula XV Formula XVT 
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wherein Z5 and Ze are groups of atoms necessary to fonn an aromatic heterocyclic rings, respectively, with the - 
C(Rei)=C{OH)- group or the -N(R62)-C(OH)- group, the aromatic heterocycfic ring may have a substituent and the 

IS sut>stituents adjacent with each other may be bonded to form a ring condensed with the aromatic heterocyclic ring, 
and Rgi and Rgg are each a lieterocyclic ring having a chalcogen atom at position-1 or position-2 of the ring. 
(19) An organic electroluminescent element comprising a light emission layer comprised of single or plural thin lay- 
ers of an organic compound put between an anode and a cathode facing to each other, in which at least one of the 
thin layer of the organic compound contains a salt of the anion of a compound represented by Fonnula XVII or For- 

20 mula XVIII and a metal cation. 



Formula XVII Formula XVIII 



25 



30 




wherein Z7 and Zq are groups of atoms necessary to forni an aromatic heterocyclic rings, respectively, with the - 
C(R63)=C(0H)- group or the -N(R64)-C{0H)- group, the aromatic heterocycfic ring may have a substituent and the 
35 substituents adjacent with each other may be bonded to form a ring condensed with the aromatic heterocyclic ring, 
and Rsa and are each a non-cyclic substituent having a nitrogen atom or a chalcogen atom at posrtion-1 or 
posftion-2 thereof. 

(20) An organic electroluminescent element comprising a light emission layer comprised of single or plural thin lay- 
ers of an organic compound put between an anode and a cathode facing to each other, in which at least one of the 
40 thin layer of the organic compound contains a salt of the anion of a compound represented by Formula XIX and a 
metal cation. 

Formula XIX 

45 



SO 




wherein is a group of atoms necessary to form a 5-member aromatic heterocycfic ring, X2 is a nitrogen atom or 
a chalcogen atom, Z^q end Zg are each a group of atoms necessary to fonn a condensed ring, the condensed ring 
ss may has a substituent and may further form a condensed rin g. 

(21) An organic electroluminescent element comprising a light emission layer comprised of single or plural thin teiy- 
ers of an organic compound put between an anode and a cathode feeing to each other. In which at least one of the 
thin layer of the organic compound contains a salt of the anion of a compound represented by Fonmula XX and a 



8 



metal cation. 
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Formula XX 
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10 




wherein Zn is a group of atoms necessary to fomri a 5-member aromatic h^erocydic ring, X3 is a nitrogen or clial* 
IS cogen atom, Z^g ^is ^ Qi'oup of atoms necessary to form a conden^d ring together wrtf) Z-i ^ and Z^a. 

respectivety. the condensed ring may have a substituent and ms^ further form a condensed ring. 
(22) An organic electroluminescent element comprising a light emission layer comprised of single or plural thin lay- 
ers of an organic compound put between an anode and a cathode facing to each other, in which at least one of the 
thin layer of the organic compound contains a salt of the anion of a compound represented t>y Formula XXI and a 
20 metal cation. 

Formula XXI 



25 




30 

wherein Z14 is a group of atoms necessary to form a 6-member aromatic carbon hydride ring or a 6-member aro- 
matic heterocyclic ring, X4 is a nitrogen atom or a chalcogen atom, Z15 is a group of atoms necessary to fonri a 5- 
member aromatic carbon hydride ring or a 5-member aromatic heterocyclic ring by condensing with Z14. the con- 
as densed ring may have a substituent and may further form a condensed ring. 

(23) An organic electroluminescent element comprising a light emission layer comprised of single or plural thin lay- 
ers of an organic compound put between an anode and a cathode facing to each other, in which at least one of the 
thin layer of the organic compound contains a salt of the anion of a compound represented by Formula XXH and a 
metal cation, 

40 

Formula XXII 



45 




50 

wherein Zie is a group of atoms necessary to fonri a 6-member aromatic carbon hydride or a 6-member aromatic 
heterocyclic ring, X5 is a nitrogen atom or a chalcogen atom, Z^j and Z^g are each a group of atoms necessary to 
form a 5-member aromatic heterocyclic ring by condensing with Zie and Z^/, respectively, the condensed ring may 
55 have a substituent and may further form a condensed ring. 

(24) An organic electroluminescent element comprising a light emission layer comprised of single or plural thin lay- 
ers of an organic compound put between an anode and a cathode facing to each other, in which at least one of the 
thin layer of the organic compound contains a salt of the anion of a compound represented by Formula XXI 1 1 and a 
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metal cation. 

FoxTDUla XXIII 

5 



10 




wherein Z^g is a group of atoms necessary to fomi a 6-member aromatic carbon hydride ring or a 6-member aro- 
75 matic heterocyclic ring. Xe Is a nitrogen atom or a chalcogen atom. Z^q is a group of atoms necessary to fonn a 5- 
member aromatic heterocyclic ring by condensing with Z^g. Z21 is a group of atoms necessary to fonrn a 6-member 
aromatic carbon hydride ring or a 6-member aromatic heterocyclic ring by condensing with Z20, the condensed ring 
may have a substituent and may further fomri a condensed ring. 

(25) An organic electroluminescent element comprising a light emission layer comprised of single or plural thin lay- 
20 ers of an organic compound put between an anode and a cathode facing to each other, in which at least one of the 
thin layer of the organic compound contains a salt of the anion of a compound represented by Formula XXIV and 
a metal cation. 



Formula XXIV 



30 




35 wherein 2^2 is a group of atoms necessary to fomn a 6-member aromatic cartoon hydride ring or a 6-member aro- 
matic heterocyclic ring, X7 is a nitrogen atom or a chalcogen atom, Z23 is a group of atoms necessary to fonn a 6- 
member aromatic carbon hydride or aromatic heterocyclic ring by condensing with Z22. Z24 is a group of atoms nec- 
essary to form a 5-member aromatic heterocyclic ring by condensing with Z23. the condensed ring may have a sub- 
stituent and may furUier form a condensed ring. 

40 

[0008] The organic electroluminescent element described In one of the foregoing (1) through (24) in which the 
metal element of the metsU cation of the organic metal complex is Al. Ga. In. Tl, Be, Mg. Sr, Ba, Ca, Zn, Cd, Hg. Pd or 

Cu. 

45 DETAILED DESCRIPTION OF THE INVENTION 

[0009] The present invention is described more in detail as follows. 

[0010] Coordinate bond means the bond which bond atom is provided from only one atom in o bond between two 
atoms. For example, a bond of aluminum ion and oxygen anion in tris (S-hydroxyquinolinate) aluminum (Alq3), or a bond 
so of fenous Ion and nitrogen atom in tris (1 ,10-phenanthroline) iron (II) ion is represented. Ionic coordinate bond is tiie 
same meaning as the former 

[001 1 ] In the present invention a nitrogen atom or a chalcogen atom is contained at a position fiar from 2 or 3 atoms 
from the nitrogen atom forming an ionic coordinate bond with a metal cation means that a part of nitrogen atom forming 
an Ionic coordinate bond with a metal cation of the compound of formula (I) to (XII) Is represented by following formula 

55 (XXV). 

R -X8-(A3)n- Ag-A^ -N" Formula (XXV) 
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[0012] In the formula, each of A^, A2 and A3 represents a substituted or non-substituted methlne group or a nitro- 
gen atonn, n is 0 or 1 , Xa is a nitrogen atom or a chalcogen atom, and R' is a hydrogen atom or a substituent 
[0013] The value of op of a substttuent In the present invention Is the substituent constant defined by Hamrnet, 
which is described in. for example, 'Structural activity correlation of drug" Kagalcu no ryoiki, extra number 122, pages 
98-103. published by Nankodo. 

[0014] in claim 3, a hydrogen atom is supposed to be substituent having ap value of 0.00. 
[0015] A compound represented by formulas (I) to (XXIV) of the present invention is described in detail. 
[CH)16] in the formula (I) mentioned above, to R3 represents each, a hydrogen atom or substituent having Ham- 
mefs op of - 1 .0 to 0.65, The substituent includes halogen atom (fluorine, chlorine), alkyi group (methyl, ethyl, i-propyl. 
hydroxyethyl, methoxymethyl, trifluoromethyl, t-butyl), cycloaikyi group (cyclopentyl, cyclohexyl), aralkyl group (benzyl, 
2-phenethyi), aryl (phenyl, naphthyl, p-toiyi. p-chlorophenyl), alkoxy group (methoxy, ethoxy, t-propoxy, butoxy), aryioxy 
group (phenoxy), acylamino group (acetyfamino, propionyi amino), aikyfthto group (msthylthio, sthyfthio. butylthio). 
aryithio group (phenyfthio), sulfonyi amino group (methanesutfonyl amino, benzenesutfonyl amino), ureide group (3- 
methyi ureide, 3,3-dimethyl ureide, 1.3-dlmethyl ureide), sulfamoyl amino group (dimethyl sulfamoyi amino), carbamoyl 
group (methyl carijamoyl. ethyl carbamoyl. dimethylcarbamoyO, sulfamoyl group (ethyl sulfamoyl, dimethyl sutfamoyi). 
alkoxycarbonyl group (methoxycarbonyl. ethoxycarbonyl), aryioxy carbonyl group (phenoxy carbonyl), sulfonyi group 
(methanesulfonyl, butane sulfonyi, phenylsulfonyl), acyl group (acetyl, propanoyl. butyloyi), amino group (methyiamino, 
ethylamino, dimethytamino), hydroxyl group, nitro group, nitroso group, amine oxide group (pyridine oxide), imide group 
(phthafimide), disulfide group (benzol disulfide, benzothiazolyl-2-disutflde), carix)xyi group, sulfo group, heterocyclic 
group (pynnole, pyrroiidyl, pyrazolyl, imldazolyi, pyridyl, benzimidazoiyi, benzthiazotyi, benzoxazolyl). These groups may 
be substituted furthermore. 

[0017] In the formulas (il) to (XXiV) mentioned above, R4 to R^^ represents each, a hydrogen atom or substituent. 
and R57 and R58 represent a substituent, each of which may form a condensed ring. The substituent includes halogen 
atom (fluorine, chlorine), alkyI group (methyl, ethyl, i-propyl, hydroxyethyl, methoxymethyl, trifluoromethyl, t-butyl), 
cycloaikyi group (cyclopentyl, cyclohexyl), analkyi group (benzyl, 2-phenethyl), aryl (phenyl, naphthyl, p-tolyl, p-chlo- 
rophenyl). alkoxy group (methoxy, ethoxy, i-propoxy, butoxy), aryioxy group (phenoxy). cyano group, acylamino group 
(acetylamino, propionyi amino), alkylthio group (methylthio, ethylthio, butylthio), aryithio group (phenyllhlo), sulfonyi 
amino group (methanesulfonyl amino, benzenesutfonyl amino), ureide group (3-methyl ureide, 3,3-dimethyl ureide, 1,3- 
dimethyl ureide), sulfamoyl amino group (dimethyl sutfamoyi amino), carbamoyl group (methytcart»amoyl. ethyl car- 
bamoyl, dimethylcarbamoyi), sulfamoyl group (ethyl sulfamoyl, dimethyl suifiamoyi). alkoxycartx>nyl group (methoxycar- 
bonyi, ethoxycarbonyl), aryioxy carbonyl group (phenoxy carbonyl), sulfonyi group (methanesulfonyl, butane sulfonyi, 
phenylsulfonyl), acyl group (acetyl, propanoyi, butyloyi), amino group (methyiamino, ethylamino, dimethylamino), 
hydroxyl group, nitro group, nitroso group, amine oxide group (pyridine oxide), imlde group (phthalimlde), disulfide group 
(benzol disulfide, benzothiazoiyl-2-disulfide). carboxyl group, sulfo group, heterocyclic group (pyrrole, pyrrotidyl. pyra- 
zolyl. imidazolyl, pyridyl, benzimidazoiyi, and benzthiazolyl, benzoxazolyl). These groups may be substituted further- 
more. 

[0018] Examples of 5- or 6-member ring containing Zi , Zq and Z-12 in the formula (Xli) and (XX) Include benzene, 
cyclopentane, cyclohexane. furan, thiophene, pyrrole, Imidazole, pyrazoie, 1,2,4-triazole, 1 ,2,3-triazole, oxazole, thia- 
zole. isoxazole, isothlazole, pyridine, pyrazine, pyrimidine, pyridazine and 1 ,3.5-triazine. These rings may be substi- 
tuted, or form a condensed ring furthermore. 

[001 9] Examples of aromatic heterocyde containing Z3 to Zq, Zg, Zi 1 , and 2,4 to Z24 in the fomiulas (XIII) to (XXIV) 
include furan, thiophene, pyrrole, imidazole, pyrazoie, 1 ,2,4-triazole, 1 ,2,3-triazole, oxazole, thiazole, isoxazole. isothia* 
zoie. pyridine, pyrazine, pyrimidine, pyridazine, 1 ,3,5-triazine. These rings may be substituted or form a condensed ring 
furthermore. 

[0020] Examples of R59 and Hqq in the formula (Xli I) and (XIV) include pyrrolyl, pyrrotidyl, pyrazolyl, imidazolyl, fura- 
zyl, pyridyl. quinolyl. thlazolyl, oxazolyl, pyrazyi, layrlmidyl, pyridazinyl. 

[0021 ] These groups may be substituted or and condensed ring may be formed by bonding neighboring substituent 
bonds mutually. 

[0022] Examples of Rei and Rgg in the fonmulas (XV) and ()(VI) Include each group of furyl, thiophenyl. oxazolyt. 
thiazolyl, isoxazolyl, isothiazolyl, furazyl, oxolanyl, oxanyt. and thiane. 

[0023] Examples of and R54 in the formula (XVII) and (XVlii) include alkoxy group (methoxy, ethoxy, i-propoxy. 
butoxy). aryioxy group (phenoxy). alkylthio group (methylthio, ethylthio, butylthio), aryithio group (phenylthio), sulfona- 
mide group (methanesulfonamide, t>enzenesulfonamido), ureide group (3-methyl ureide, 3.3-dimethyl ureide, 1 ,3-dime- 
thyl ureide), sulfamoylamino group (dimethyl sutfamoylamino), carbamoyl group (methyicaibamoyi, ethylcarbamoyl. 
dimethylcarbamc^i). sulfiamoyl group (ethylsulfamoyi, dimethyl, sulfamoyl), alkoxycarbonyl group (methoxycartwnyl. 
ethoxycarbonyl), aryioxy carbonyl group (phenoxy carbonyO, sulfonyi group (methanesulfonyl, butanesulfonyl. benze- 
nesulfbnyl). amino group (methyiamino, ethylamino, dimethylamino). 
[0024] These groups may be substituted furthenmone. 
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[0025] Examples of 5 member aromatic hete recycle containing Zq, Z^^, Z^y, Zte. 20 and Z21 in the formulas 
(XIX) to (XXtV) include furan, thiophene. pyrrole, imidazole, pyrazole, 1,2,4-triazole, 1 ,2,3-triazole, oxazole, thtazole, 
isoxazole, and isothlazole. These rings may form a condensed ring. 

[0026] Examples of 6 member aromatic hydfX)carbon ring or aromatic heterocyde containing Z14. Z^e* ^19 &nd Z22 
in the formulas (XXt) to (XXIV), include benzene, pyridine, pyrazine, pyrimidine, pyridazine, and 1,3,5-triazine. These 
rings may form a condensed ring. 

[0027] Examples of 6 member aromatic heterocyde containing Z21 in the formula (XXIII) include pyridine, pyrazine, 
pyrimidine, pyridazine, 1,3,5-triazine. These ring may form a condensed ring. 

[0028] The metal ion forming organomelallic complex of a compound represented by formula (I) to (XXIV) with an 
anion is preferably divalent or trivalent Preferable examples thereof include cation of Al. Ga, Be and Zn. More prefera- 
bly are cation of Al, Be. Zn, and cation of Al is preferable in particular 

[0029] The anion of organic compound of the invention is an anion prepared by withdrawing the proton from the 
compound which contains a dissodative proton as shown by, for example, the formula (I) to (XXIV). For example, in an 
Imidazole in the formula (I), the anion Is represent tsy fomiula shown below, as well as its tautomer of fonmula, without 
restriction. 



20 



30 



40 



[0030] For example, an anion of 1 H-pyrazolo[5,1 - c I[1 .2.4]pyrazolotriazole can be descrft)ed in two ways: 



N N " 

(a) 



N N- 



SO and. for example, the salt of the metal cation includes also structure (b) even when the structure (a) is described only. 
[0031] In claim 1 9 to 24, the atom which is condensation parts of condensed ring of the compound r^resented by 
formula (XIX) to (XXiV). may be nitrogen atom or cartran atom. For example, when numbers are given to an atom in 
Indofizine as follows, condensation department of condensed ring means the fourth nitrogen atom and the ninth caibon 
atom. 
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[0032] Concrete examples of satt of anion of a compound represented by fomnuta (I) - (XiV) with metal cation 
employed in the present invention is shown in the following. It is not limited to these. 
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XXIV-5 XXIV-6 




[0033] The following 1 -3 are general synthesizing methods of compounds of present invention mentioned above. 

1) A solution of a compound represented by one of Fomiulas i to XIV having a dissociative proton is added to a 
solution of a metal alkoxide such as atuminum-i-propoxkJe. The mixture is heated and stirred. The product is puri- 
fied by a method such as repredpltation and recrystailization to obtain the objective substance. 

2) A solution of a compound represented by one of Fomiulas I to XIV having a dissociative proton is added to a 
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suspension of a metal salt such as a metal halide, for example, zinc chloride. The mixture Is heated and stinred. The 
product is purified by a method such as reprecipttation and recrystallization to obtain the objective substance. 
3} A solution of a compound represented by one of Fonmulas I to XIV having a dlssociath^e proton Is added to a 
solution of an organic metal compound such as triethyl aluminum. The mixture is heated and ^ried. The product 
is punfied by a msthcd such as reprecipitatson and recrystaifizaticn to obtain the objective substance. 

[0034] The synthesizing method of exemplified compound 1-1 is shown below. 



10 



IS 



20 




Compound A I-l 



30 

[0035] To 1 0 ml of toluene, 1 .2 g of aluminum-i-propoxide was added and dissolved by heating at C. To the solu- 
tion, 3.75 g of compound A dissohred in 1 0 ml of toluene was added and stirried for 4 hours at 70^ C. Precipitated white 
solid was cooled and filtered, and recrystallized using toluene. Thus 2.92 g of compound 1-1 was obtained. It was con- 
finned by NMR and mass spectrum that the obtained substance was the objective substance. 
35 [0036] The organic EL element In the invention basically has a structure in which a light emission layer is put 
between a pair of electrodes and a positive hole injection layer or an electron injection layer is provided according to 
necessity. 

[0037] In concrete, the following structures are included. 

40 (i) Anode/Light emission layei/Cathode 

(ii) Anode/PosltNe hate Injection tayer/Light emission layer/Cathode 

(iii) Anode/Light emission layer/Electron injection layer/Cathode 

(iv) Anode/Positive hale injection layer/Light emission layer/Electron injection layer/Cathode 

45 [0038] The foregoing light emission layer has (1 ) an injection function accepting the positive hole injected from the 
anode or the positive hole injection layer and the electron Injected from the cathode layer or the electron injection layer 
when an electric field is applied, (2) a transportation function transporting the injected electric charge, the electron and 
the positive hole, by the fon::e of the electric field, and (3) a light emission function providing a field for recombination of 
the electron and the poslth^e hole in the light emission layer and resulting emission of light. The tran^ortation functions 

50 represented by the mobility of the positive hole and that of the electron may be different and one having one of such 
the functions is preferable. 

[0039] There is no limitation on the kind of the light emission material to be used In the light emission layer, and 
ones know as the light emission material In the organic EL element may be used. Such the light emission materials are 
mainly organic compounds, for example, the compounds described in Macromol. Synth., Vol. 1 25, p.p. 1 7-25 are usable 
55 according to required color. 

[0040] The emission layer can be prepared employing materials mentioned above by a known method such as a 
evaporation method, a spin-coat method, a casting method and a LB method to fomn thin filni The layer is preferably a 
sedimentary molecule layer. The sedimentary molecule layer is a thin layer formed by sedimentation of the compound 
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from a gas phase or a layer formed by solicfifying fronn the motten or itquid phase of the compound. The sedimentary 
molecule layer can be distinguished from a thin layer formed by the LB method (cumulative molecule layer) based on 
the difference in the coagulation structure and the high dimensional structure, and in the functional difference thereof 
caused by the structural difference. 
5 [GC41] moreover, the Sight emission layer can be fomied by the method such as that described in JP C.P.i. No. 57- 
51781, by which the Hght emission material is dissoh/ed in a solvent together with a binder such as a resin, and thus 
obtained solution is formed into a thin layer by a method such as spin-coat method. 

[0042] Thickness of the emission layer thus pr^ared is not specially restricted. It Is preferred that the thickness is 
within the range of from 5 nm to 5 \ijm, although the thickness of the layer thus formed may be optionally selected 

10 according to necessity without any limitation. 

[0043] For the anode of the electroluminescent element, a metal, an alloy and an electnoconductive compound 
each having a high working function of not less than 4 eV. and mixture thereof are preferably used as the electrode 
material. Concrete examples of such the electrode material include a metal such as Au, and a transparent electrocon- 
ductive material such as Cul, Indium oxide (ITO), SnOg. ZnO and Zn-doped indium oxide (IZO). 

IS [0044] The anode may be prepared by evaporating or spattering such the electrode material to form a thin layer, 
and forming the layer into a desired form by a photolithographic method. When required precision of the pattern Is not 
so high (not less than 100 mm), the pattern ms^ be formed by evaporating or spattering through a mask having a 
desired form. 

[0045] When light is output through the anode, it is desired that the transparence of the anode is 1 0% or more, and 
20 the sheet resistivity of the anode is preferably not more than 10*^ Sl/n. It is preferably within the range of from approxi- 
mately 10 nm to 1 ]un, more preferably from 10 to 200 nm, although the thickness of the anode may be optionally 
selected. 

[0046] On the other hand, for the cathode, a metal (also referred to an electron injection metaO, an alloy, and an 
electroconductive compound each having a low working function (not more than 4 eV), and a mixture thereof are used 
25 as the material of electrode. Concrete examples of such the electrode material include sodium, sodium-potassium alloy, 
magnesium, lithium, a magnesium/copper mixture, a magnesium/silver mixture, a magnesium/aluminum mixture, mag* 
nesium/indlum mixture, an aluminum/aluminum oxide (AI2O3) mixture, indium, a lithium/aluminum mixture and a rare- 
earth metal. 

[0047] Among then, a mixture of an electron injection metal and a metal higher in the working function than that of 
30 the electron injection metal, such as the magnesium/silver mixture, magnesium/aluminum mixture, magnesium/indium 
mixture, aluminum/aluminum oxide (AI2O3} mixture and lithium^aluminum mixture, is suitable from the view point of the 
electron Injection ablFity and the resistivity to oxidation. 

[0043] The cathode can be prepared by making such the material to a thin layer by a method such as an evapora- 
tion or spattering method. The sheet resistivity of the cathode is preferably not more than 1 0^ OA*, and the thickness of 
35 the cathode is preferably from 1 0 nm to 1 jim, more pr^erably from 50 to 2,000 nm. It is preferable for raising the light 
emission efficiency that the electrode arranged between the light emission layer and the color conversion layer is trans- 
parent or semi-transparent so as to pemneate light therethrough. 

[0049] In the Invention, a positive hole injection layer, which may be provided according to necessity, has a function 
of transporting the positive hole injected from the anode to the light emission layer. Many positive holes can be injected 

40 In a towered electric field lay the presence of the positive hole injection layer between the anode and the light emission 
layer. Moreover, the light emission ability of the element Is made excellent by raising the light emission efficiency since 
the electrons injected into the light emission layer from the cathode or the electron injection layer are accumulated at 
the interfEu:e in the light emission layer by a barrier to electron existing at the Interface between the light emission layer 
and the positive hole injection layer. 

45 [0050] The material to be used for the positive hole injection layer (hereinafter referred to a positive hole injection 
material) can be optionally selected from known materials without any limitation as far as having preferable property 
mentioned above, such materials as those employed for hole charge injection materials conventionally or known mate- 
rial for EL element In the hole injection layer. 

[0051] The positive hole Injection material may be either an organic substance or an inorganic substance as long 
so as It has positive hole Injection ability or an ability to fonn a barrier to electron. Examples of them include a triazole deriv- 
ative, an oxadiazole derivative, an imidazole derivative, a potyarylalkane derivath/e, a pyrazoline derivative and a pyra- 
zolone derivative, a phenytenediamine derivative, an arylamine derivative, an amino substituted chalcone derivative, an 
oxazole derivative, a styrylanthracene derivative, afluorenone derivative, hydrazone derivative, stilbene derivative, sila- 
zane derivative, aniline copolymer, and electroconductive oligomer, partlculariy thiophene oligomer. 
55 [0052] It is prefenred to employ porphyrin compounds, aromatic tertiary amine compounds and styryiamine com- 
pounds, particulariy, aromatic tertiary amine compounds in addition to the hole injection materials mentioned above. 
Typical examples of the aromatto tertiary amine compound and styryiamine compound Include N.N,N',IVI'-tetraphenyl- 
4,4'-diaminophenyl, N,N'-diphenyl-N,N -bis{3-methylphenylH1 ,1'-biphenylJ-4,4'-diamine (TPD). 2,2'-bis(4-di-p-tolylami- 
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nophenyl)propane, 1 ,1'-bte(4-dl-p-tolylaminophenyi)cyclohexane, N,N.N'.N'-tetra-p-tolyl-4,4'-d1amlnoblphenyl. l,r- 
bis(4-cfi-p-totyfaminophenyl)-4-phenylcyclohexane. bis(4-<firnethylamino-2-methylphenyl)-phenylmethane, bis(4-<fi-p- 
totylaminophenyO-phenytmethane, N,N'-diphenyl-N,N'-cfi(4-methoxyphenyl)-4,4'-diarninobipheny!, N.N.N'.N'-tetraphe- 
fiyl-4,4'-dlamlnodIphenylether, 4,4'-bis(dlphenyIamlno)phenyl, N,N,N-tri(p-tolyi)amine, 4-{di-p-toty!amlno)-4*-[4-(di-p- 

5 io!yIarnirio)sryTylJsti!b8riS. 4-N,N-dipheny{a'7;ino-{2-diphenyK'!ny!)bsR29n9, 3-fnelhoxy-4'-N.N-diphenylamlnostyft3en- 
zene, N-phenylcaibazolep compounds described in US Patent No. 5,061 ,569 which have two condensed aronr\atic rings 
In the molecule thereof such as 4,4'-bis[N-(l-naphthyl)-N-phenytamlno]biphenyl (NPD), and compounds described in 
JP O.RI. No. 4-308688 such as 4.4',4"-tris[N-(3-methyfphenyl}-N-phenylamino]-triphenylamine (MTDATA) in which 
three trtphenylamine units are bonded in a starburst form. 

10 [0053] As the inorganic positive hole injection material, p-Si and p-SiC are usable. The positive hole injection layer 
can be fomned by making the posith/e hole injection material to a thin layer by a tcnown method such as a vacuum evap- 
oration method, a spin coat method a casting method and a LB method. The thickness of the positive hole injection 
layer is preferably appnoximatety from 5 nm to 5 even though there is no specific limitation thereon. 
[0054] The hole injection layer may be composed of single layer structure comprising one or two or more material 

IS mentioned above, or plural layers structure composed of single composition or disparate compositions. The electron 
injection layer which is provided according to necessity is a layer having a function of transporting electrons injected to 
the cathode to the light emission layer. The material of the electron Injection layer may be optionally selected from 
known compounds. 

[0055] Examples of the material of the electron Injection layer (hereinafter referred to electron injection material) 
20 include a nitro-substituted fluorene derivative, a diphenylquinona derivative, a thiopyran dioxide derivative, a heterocy- 
clic tetracarboxylic acid anhydride such as naphthaleneperylene, a carljodiimide. a fluolenylidenemethane derivative, 
an anthraqulnodimethane and enthrone derivative, and a oxadlazote derivative. It is found by the Inventors that a series 
of electron transmission compounds described in JP O.RI. No. 59-194393 can be used as the electron Injection mate- 
rial even though the compounds are described in the publication as the material for making the light emission layer 
25 Moreover, a thiadlazole derivative which Is fonned by substituting the oxygen atom in the oxadlazole ring of the forego- 
ing oxadiazole derivative by a sulfur atom, arylamino- or alky lami no-substituted triazole derivatives and a quinoxaline 
derivative having a quinoxaline ring known as an electron withdrawing group are usable as the electron Injection mate- 
rial, 

[005G| A metal complex of 8-quinolynol derivative such as aluminum tris-(8-quinolynol) (Alq), aluminum tris-(5,7- 
30 dichIoro-8-quinolynol). aluminum tr]s-(5,7-dibromo-8-qulnolynol), aluminum trls-(2-methyl-8-qulnotynol), aluminum trls- 
(5-methyl-8-quinolynol), zinc bis-(8-quinolynol) (Znq). and a metal complex formed by replacing the central metal of the 
foregoing complexes with another metal atom such as tn, Mg, Cu. Ca, Sn, Ga or Pb, can be used as the electron injec- 
tion material. Furthermore, a metal free and metal-containing phthalocyanine, and a derivative thereof in which the ter- 
minal of each of the compounds is replaced by a substituent such as an alkyi group or a sulfonic acid group are also 
35 preferably used as the electron injection material. Distyrytpyrazine derivative exemplified as a material for emission 
layer may preferably be employed as the electron injection material. An inorganic semiconductor such as n-Si and n- 
SiC may also be used as the electron injection material similar to the hole injection layer. 

[0057] The electron injection layer can be formed by making the electron injection material to a thin layer by a 
known method such as a vacuum evaporation method, a spin coat method a casting method and a LB method. The 
40 thickness of the positive hole injection layer is preferably approximately from 5 nm to 5 ^m even though there is no spe- 
cific limitation thereon. 

[0058] The electron injection layer may have a single layer structure containing one or more kinds of the electron 
injection material or a multnlayered structure composed of plural layers having the same or different composition. 
[0059] Preferable examples of preparation of the organic EL element is described below. 

45 [0060] For example, the preparation of the EL element having the foregoing constitution of Anode/Positive hole 
Injection layer/Light emission layer/Electron Injection layer/Cathode Is described. On a suitable sut)strate, a thin layer of 
a desired material for electrode such as an anode material is formed by an evaporation or spattering method so that the 
thickness of the layer is not more than 1 iim, preferably within the range of from 1 0 to 200 nm to prepare the anode. 
Then thin layers of a matertel of the posithre hole injection layer, a material of the light emission layer and a material of 

so the electron injection layer are formed on the anode. 

[0081] The compounds of Formula I through XXIV according to the invention may be contained in any of the posi- 
tive hole injection layer, positive hole transporting layer, light emission layer, electron injection layer and electron trans- 
porting layer, and the compound may form a layer singly or together with another compound. 

[0082] For formation of the thin layer, a vacuum evaporation method is preferably used even though a spin coating 
55 method, a casting method and an evaporation method can be used. The vacuum evaporation method is preferable 
since a uniform layer can be formed and a pinhole is formed with difficulty when the layer formed by such the method. 
It is preferable to optionally select the conditions of the vacuum evaporation In the ranges of the boat heating tempera- 
ture of from 50" C to 450'' C. the vacuum degree of from 10'^ to 10'^ Pa, the evaporation speed of from 0.01 to 50 
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nm/second, the substrate temperature ot from -50 C to 300** C, and the thtekness of from 5 nm to 5 \im, 
[0063] After forrr»tion of these layers, a thin layer comprising a material for cathode is fomned thereon by, for exam- 
ple, an evaporation method or spattering method so that the thickness is not more than 1 pm, preferably from 50 to 200 
nm, to provide the cathode. Thus a desired EL element is obtained. 
5 [(M)64] it is preferable that the preparation of the EL element is coniinuousiy carried out from the formation of the 
positive hole injection layer to that of the cathode under one time of vacuuming. However, the organic EL element can 
be prepared in the reverse order, the formation of the cathode, the electron injection layer, the light emission layer, the 
positive hole Injection layer and the anode. 

[0065] Light emission can be observed when a direct current with a voltage of from about 5 to 40 V is applied to 
10 thus prepared organic EL element so that the polarity of the anode is positive and that of the cathode is negath/e. When 
the voltage is applied in the reverse polarity, no current is fomned end light is not emitted at all. When an alternating cur- 
rent is applied, light is emitted only when the polarity of the node is positive and that of the cathode is negative. The 
shape of the wave of the alternating current may be optionally selected. 

IS EXAMPLES 

[0066] The invention Is described according to examples below. The embodiment of the Invention Is not limited to 
the examples. 

20 Example 1 

(Preparation of an organic EL element for comparison) 

[0067] A glass substrate plate on which a layer of ITO of 150 nm was provided, NA-45 manufactured by NH Techo- 
25 glass Co., Ltd., was patterned to form an anode. The substrate plate, on which the fTO transparent electrode is pro- 
vided, was subjected to ultrasonic washing by ii^ropyl alcohol and dried by nitrogen gas, and further subjected to UV- 
ozone cleaning for 5 minutes. Thus prepared transparent substrate plate is fixed on a holder of a usual vacuum evapo- 
ration apparatus available on the marlcet. On the other hand. 200 mg of N.N'-dlphenyl-N,N'-bis(3-methyl-phenyl)[1,1'- 
biphenyf]-4,4*-diamine (TPD) was put in a molybdenum resistive heating boat and 200 mg of comparative compound 
30 Q-1 shown in Table 1 was put in another molybdenum resistive heating boat, and the boats were installed In the vacuum 
evaporation apparatus. 

[0068] Then the pressure in the vacuum tank was reduced by 4 x 1 0'"^ Pa, and the heating boat canying TPD was 
heated by 220** C applying an electric cunrent for evaporating TPD on the transparent substrate plate in an evaporation 
speed of 0.1 to 0.3 nm/second to provide a positive hole injection layer having a thid^ness of 60 nm. Moreover, the heat- 
35 ing boat canTing compound Q-l was heated by 220° C by applying an electric current for evaporating Q-1 on the pos- 
itive hole injection layer in a speed of 0.1 to 0.3 nm/second to form a light emission layer having a thickness of 40 nm. 
The temperature of the substrate at the time of evaporation was a room temperature. 

[0089] Then the vacuum tank was opened and a stainless steel mask having a rectangular hole was set on the 
electron injection layer. Besides, 3 g of magnesium was put into a molybdenum resistive heating boat, 0.5 g of silver 

40 was put into a basket for evaporating, and the boat and the basked were installed in the vacuum tank. The pressure in 
the vacuum tank was reduced by 2 x 10"^ Pa. Then an electric cuaent was applied to the boat carrying magnesium to 
evaporate magnesium in an evaporation speed of 1.5 to 2.0 nm/second. At the same time, silver was evaporated in an 
evaporation speed of 0.1 nm/second by heating the basket carrying silver. Thus a comparative organic EL element 
OLED-1 shown in Table 1 was prepared which has a counter electrode composed of a mixture of magnesium and silver 

45 [0070] Comparative organic EL elements OLED-2 to OLED-1 2 were prepared In the same manner as In OLED-1 
except that the compound Q-1 was respecttvety replaced by comparative compounds Q-2 through Q-l 2 as shown in 
Table 1. 



so 
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0-1 




90 



0-2 




CN 
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(Preparation of organic EL element according to the invention) 

50 

[CM)71] Organic EL elements OLED-13to OLED-1 26 according to the invention were prepared in the same manner 
as In OLED-1 except that compound Q-1 was replaced by the compound according to the invention as shown in Tables 
1 to 3. 

[0072] To each of the above prepared organic EL elements OLED- 1 3 to OLEO-1 26 each according to the invention 
55 and the comparative organic EL elements OLEO-I to OLED-12 1 0 V of direct cunrent was applied 80 that the ITO elec- 
trode is anode and the counter electrode composed of magnesium and silver was cathode, and the luminance of emit- 
ted light was evaluated. 

[0073] Results of the evaluation are shown in Tables 1 to 3. In the tables, the maximum luminance of emitted light 
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of each of the elements ts represented by a relathm value when the nfiaximum luminance of emitted Rght of comparative 
organic EL element OLED-1 is set at 1 .00. 



Table 1 





OLED No. 


Compound In Light 
emission layer 


IV^axtmum luminance 
(Relative value) 


OLED No. 


Compound in Light 
emission layer 


Maximum luminance 
(Relative value) 




1(Comp.) 


Q-1 


1.0 


26(lnv.) 


li-13 


18 


10 


2(Comp.) 


Q-2 


1.2 


27{lnv.) 


MM 


17 




3(Comp.) 


Q-3 


0.4 


28(lnv.) 


111-10 


16 




4(Comp.) 


Q-4 


0.5 


29(lnv.) 


111-14 


16 


IS 


5(Comp.) 


Q-5 


1.3 


30(lnv.) 


111-16 


17 


6(Comp.) 


Q-6 


1.6 


31 (Inv.) 


IV-1 


18 




7(Comp.) 


Q-7 


1.9 


32(lnv.) 


IV-8 


17 




8(Comp.) 


Q-8 


1.5 


33(lnv.) 


IV-9 


16 


20 


9(Comp.) 


Q-9 


1.5 


34(lnv.) 


IV-15 


18 




10(Comp.) 


Q-10 


1.9 


35(lnv.) 


V-l 


18 




1 1 (Comp.) 


Q-11 


1.5 


36(lnv.) 


V-6 


15 


25 


12(Comp.) 


Q-12 


1.0 


37(lnv.) 


V-11 


15 




13(lnv.) 


1-1 


20 


38(lnv.) 


V-16 


17 




14(lnv.) 


1-2 


20 


39(lnv.) 


VI-1 


17 




15(lnv.) 


1-8 


16 


40(lnv.) 


VI-6 


16 


30 


16(lnv.) 


1-11 


15 


41 (Inv.) 


VI-9 


16 




17(lnv.) 


1-14 


19 


42(lnv.) 


VI-16 


16 




18(lnv.) 


1-20 


18 


43 Inv. 


VII-1 


19 


3S 


19(lnv.) 


1-22 


18 


44(lnv.) 


VII-8 


18 




20(lnv.) 


1-23 


17 


45(lnv.) 


VII-1 1 


16 




21(lnv.) 


i-25 


16 


46(lnv.) 


VII-16 


19 




22(lnv.) 


1-32 


16 


47(lnv.) 


VIII-1 


18 


40 


23(fnv.) 


11-1 


18 


48(lnv.) 


VIII-8 


16 




24(lnv.) 


11-6 


16 


49(lnv.) 


VIII-11 


17 




25(lnv.) 


IMO 


17 


50(lnv.) 


VIII-14 


18 


45 


Comp.: Comparative Inv.: Inventive 



so 

Table 2 



OLED No. 


Compound in Light 
emission layer 


Maximum luminance 
(Relative value) 


OLED No. 


Compound in Light 
emission layer 


Maximum luminance 
(Relative value) 


51(lnv.) 


IX- 1 


19 


76(lnv.) 


XIII-29 


15 


52(lnv.) 


IX-3 


18 


77(lnv.) 


XIII-37 


16 


53(lnv.) 


IX-8 


19 


78(lnv.) 


XMI-43 


18 
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Table 2 (continued) 





ULcD NO. 


Compound in Lignt 
emission layer 


Maximum luminance 
(Relative value) 


ULcD NO. 


Compound in Light 
emlsaon layer 


Maximum luminance 
(Relative value) 


5 


54{!nV.) 


!X-11 


16 


79(lnv,) 


XIV-1 


19 




55(lnv.) 


IX-13 


17 


80(lnv.) 


XIV-4 


19 




56(lnv.) 


(X-21 


18 


81 (Inv.) 


XIV-5 


17 


10 


57(lnv.) 


X-2 


18 


82(lnv.) 


XIV-11 


17 


6B(lnv.) 


X-6 


15 


83(lnv.) 


XIV-16 


16 




59(lnv.) 


X-13 


15 


84(lnv.) 


XIV-19 


16 




60((nv.) 


X-20 


16 


85(lnv.) 


XIV-21 


17 


15 


61(lrwO 


XI-1 


16 


86(1 nv.) 


XIV-24 


16 




62(lnv.) 


XI-9 


16 


87(lnv.) 


XV- 1 


18 




63(lnv.) 


XI-18 


15 


88(lnv) 


XV-6 


15 


20 


64{lnv.) 


XI-23 


16 


89(lnv.) 


XV-11 


15 


65(lnv.) 


XII-1 


17 


90(lnv.) 


XV-16 


16 




66({rw.) 


XII-6 


17 


91 (Inv.) 


XVI-1 


17 




67(lnv.) 


Xll-11 


15 


92(lnv.) 


XVI-6 


17 


25 


68(lnv.) 


XIM3 


16 


93(inv.) 


XVI-8 


15 




69(inv.) 


XIIM 


18 


94(lnv.) 


XVI-1 0 


17 




70(lnv.) 


Xlll^ 


19 


95(lnv.) 


XVII-1 


19 


30 


71(lnv.) 


XIII-6 


18 


96(lnv.) 


XVII-5 


17 


72(1 nv.) 


XIII-12 


18 


97(lnv.) 


XVII-7 


17 




73(lnvO 


XIIM4 


17 


98(lnv.) 


XVII-12 


18 




74{lnv.) 


VIIM6 


17 


99(lnv.) 


XVIIM 


19 


35 


75(lnv.) 


VIII-27 


17 


100(lnv.) 


XVIIW 


18 




Comp.: Comparative Inv.: Inventive 



40 

Tables 



OLED No. 


Compound in Light emis- 
sion layer 


Maximum luminance 
(Relative value) 


101 (Inv.) 


XVIII-6 


16 


102(lnv.) 


XVIII-7 


17 


103(lnv.) 


XiX-1 


17 


104(lnv.) 


XIX-6 


16 


105(lnv.) 


XIX-8 


16 


106(lnv.) 


XIX-10 


17 


107(lnv.) 


XX-2 


18 


108(lnv.) 


XX-4 


16 


10g(lnv.) 


XX-8 


15 
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Table 3 (continued) 



OLED No. 


Compound in Light emis* 
sion layer 


Maximum luminance 
(Relative value) 


110(lnv.) 


XX-12 


17 


111(lnv.) 


XXI-3 


19 


112(lnv.) 


XXM 


18 


113(lnv.) 


XXI-9 


17 


114(lnv.) 


XXM1 


17 


115(lnv.) 


XXII-1 


17 


116(lnv.) 


XXIl'4 


16 


117(lfw.) 


xxn-6 


16 


118(lfw.) 


XXII-7 


17 


119(lnv.) 


XXIII-1 


18 


120(lnv.} 


XXIII-4 


16 


121(lnv.) 


XXIII -6 


16 


122(lnv.) 


XX!ll-7 


17 


123(!nv.) 


XXIV-2 


17 


124Clnv.) 


XXIV-6 


15 


125(lnv.) 


XX1V-7 


15 


126(lnv.) 


XXIV-1 1 


16 


Comp.: Comparative Inv.: Inventive 



[0074] It is clear that the high luminance of emitted light can be obtained by the compounds according to the inven- 
tion. 

Example 2 

(Preparation of organic EL element according to the invention) 

[0075] A glass substrate plate on which a layer of ITO having a thickness of 150 nm (the foregoing NA-45) as an 
anode was subjected to patterning. The substrate plate on which the fTO transparent electrode is provided was sub- 
jected to ultrasonic washing by i-propyl alcohol and dried by nitrogen gas. and further subjected to UV-ozone cleaning 
for 5 minutes. Thus prepared transparent substrate plate Is fixed on a holder of a usual vacuum evaporation apparatus 
available on the market On the other hand, 200 mg of N,N*-diphenyl-N,N'-b]s(3-methyl-phenyl)[1,r-bfphenyl]-4,4*- 
diamine (TPD) was put In a molybdenum resistive heating boat, and 200 mg of the compound according to the Invention 
1-1 was put in another molybdenum resistive heating boat. Furthermore 200 mg of trts(B-hydroxyquinolinate)aluminum 
(Alqs) was put in another molybdenum resistive heating boat. These boats were Installed in the vacuum evaporation 
apparatus. 

[0076] Then the pressure in the vacuum tank was reduced by 4 x 10~^ Pa. and the heating boat carrying TPD was 
heated by 220^ C by applying an electrte cun'ent to evaporate TPD on the transparent substrate plate in an evaporation 
speed of 0.1 to 0.3 nm/second for providing a positive hole Injection layer having a thickness of 60 nm. Next, the heating 
boat (trying compound 1-1 of the invention was heated by 220° by applying an electric current to evaporate compound 
1-1 in a speed of 0.1 to 0.3 nm/second on the positive hole injection layer for providing a light emission layer having a 
thickness of 40 nm. Moreover, the heating boat carrying Aiqa was heated by 250° C by applying an electric cun-ent to 
evaporate Alq3 In a speed of 0.1 nnn/second for providing an electron injection layer having a thickness of 20 nm. The 
temperature of the substrate at the time of evaporation was a room temperature. Then the vacuum tank was opened 
and a stainless steel mask having a rectangular hole was set on the electron injection layer. BesKtes. 3 g of magnesium 
was put Into a molybdenum resistive heating boat, 0.5 g of silver was put Into a basket for evaporating, and the boat and 
the basked were installed in the vacuum tank. The pressure in the vacuum tank was reduced by 2 x 10"^ Pa Then an 
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eiectiic current was applied to the boat carrying magnesium to evaporate magnesium in an evaporation speed of 1 .5 to 
2.0 nnn/second. At the same time, silver was evaporated in an evaporation speed of 0.1 nm/second by heating the bas- 
ket carrying silver. Thus an organic EL element OLED-1 3 having a counter electrode composed of a mixture of magne- 
sium and silver was prepared. When 1 2 V of a direct current was applied to the element so that the ITO electrode Is the 
5 sncds and the counter electrode composed cf msgnesium and si!\fer was the cathode, light having a high luminance 
was emitted. 

[0077] As above described, an organic electroluminescent element excellent in the light emission efficiency and 
capable of emitting fight with a high luminance can be provided by the invention. 

10 Claims 

1 . An organic electroluminescent element comprising a light emissiDn layer comprised of single or plural thin layers of 
an origanic compound put between an anode and a cathode facing to each other, in which at least one of the thin 
layer of the organic compound contains an organic metal complex having both of an ionic coordinate bond formed 

15 between a nitrogen anion and a metal cation and a coordinate bond formed by a nitrogen atom or a chatcogen and 
a metal. 

2. An organic electroluminescent element comprising a light emission layer comprised of single or plural thin layers of 
an organic compound put between an anode and a cathode fiacing to each other, in which at least one of the thin 

20 layer of the organic compound contains an organic metal complex having both of an ionic coordinate bond formed 
by a nitrogen anion included in an aromatic heterocyclic ring and a metal cation and a coordinate bond formed 
between a nitrogen atom or a chalcogen end a metal. 

3. The organic electroluminescent element of claim 1 wherein a substituent of the nitrogen anion-containing aromatic 
25 heterocycfic ring forming the ionic coordinate bond with the metal cation has a Hammetts op value of from -1 .00 to 

0.65. 

4. An organic electroluminescent element comprising a light emission layer comprised of single or plural thin layers of 
an oiiganic compound put between an anode and a cathode fiacing to each other, in which at least one of the thin 

30 layer of the organic compound contains a salt of the anion of a compound represented by Formula I and a metal 
cation, 



Formula I 




wherein Ri, Rg and R3 are each a hydrogen atom or a substituent having a Hammett's value of from -1.00 to 0.65, 
R2 and R3 may be bonded with each other to form a ring condensed with the imidazole ring, and at least one of R,. 
4S Rg emd R3 has a nitrogen atom or a chalcogen atom at a position tar from 2 or 3 atoms from the nitrogen atom form- 
ing an ionic coordinate bond with a metal cation. 

5. An organic electroluminescent element comprising a light emission layer comprised of single or plural thin layers of 
an organic compound put between an anode and a cathode feeing to each other, In which at least one of the thin 
50 layer of the organic compound contains a salt of the anion of a compound represented by Formula II and a metal 
cation. 
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Formula II 




wherein R4, R5 and Re are each a hydrogen atom or a substltuent, R4 and R5 or R5 and Rg may be bonded with 
each other to a ring condensed with the pyrazole ring, and at least one of R4, R5 and Rg has a nitrogen atom or a 
chalcogen atom at a position far from 2 or 3 atoms from the nitrogen atom fonning an ionic coordinate bond with a 
metal cafion. 

An organic electroiuminescent element comprising a light emission layer comprised of single or plural thin layers of 
an organic compound put between an anode and a cathode facing to each other, in which at least one of the thin 
layer of the organic compound contains a salt of the anion of a compound represented by Fonnula III and a metal 
cation, 



wherein Li is an -N(R9)- group or a -C(Rio)(Ri 1)- group. L2 is a nitrogen atom or a -C(Ri2)= group. L3 is a nitrogen 
atom or a =C(Ri3)- group, R7, Rg, Rg, R10, Ri 1 and R^g are each a hydrogen atom or a substituenl, R7 and Rg may 
be bonded with each other to form a ring condensed with the pyrazole ring, and at least one of R7 through R13 has 
a nitrogen atom or a chalcogen atom at a position far from 2 or 3 atoms from the nitrogen atom forming an ionic 
coordinate bond with a metal cation. 

An organic electroluminescent element comprising a light emission layer comprised of single or plural thin layers of 
an organic compound put between an anode and a cathode facing to each other, in which at least one of the thin 
layer of the organic compound contains a salt of the anion of a compound represented by Formula IV and a metal 
cation, 



wherein L4 is an -N(Ri6)- group or a -C(Ri7)(Ri8)- group, L5 Is a nitrogen atom or a -C(Ri9)= group, Is a nitrogen 
atom ora =C(R2o)- group. R-,4, R15, R^e. R17, Ris* ^19 ^20 are each a hydrogen atom or a substituent, and at 
least one of R14 through R20 has a nitrogen atom or a chalcogen atom at a position far from 2 or 3 atoms from the 
nitrogen atom fonming an ionic coordinate bond with a metal cation. 

An oiganic electroluminescent element comprising a light emission layer comprised of single or plural thin layers of 
an organic compound put between an anode and a cathode facing to each other, in which at least one of the thin 



Formula III 




Formula IV 
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layer of the organic compound contains a salt of the anion of a compound represented by Formula V and a metal 
cation, 

Formula V 




wherein L7 is an -N(R23)- group or a ■C(R24)(R25)- group, La is a nitrogen atom or a -C(R26)= group, Lg is a nrtro^n 
atom or a =C(R27)- group, Rgi. R22, R23, R24, R25, R26 and R27 are each a hydrogen atom or a substituent, R21 
and R22 niay be bonded with each other to form a ring condensed with the pyrazole ring, and at least one of R21 
through R27 has a nitrogen atom or a chalcogen atom at a position far from 2 or 3 atoms from the nitrogen atom 
forming an ionic coordinate bond with a metal cation. 

9. An organic electroluminescent element comprising a light emission layer comprised of single or plural thin layers of 
an organic compound put behveen an anode and a cathode facing to each other, in which at least one of the thin 
layer of the organic cc^pound contains a salt of the anion of a compound represented by Formula VI and a metal 
cation, 



Formula VI 

T T iV" 

N N L,2 

wherein Liolsan -NCRgg)- group or a -C(R3o)(R3i)- group, L,, is a nitrogen atom or a -C(R32)= group, L,2 is a nitro- 
gen atom or a =C(R33)- group, R28. R29. R30. R31. R32 and R33 are each a hydrogen atom or a suljstituent, and at 
least one of R28 through R33 has a nitrogen atom or a chalcogen atom at a position far from 2 or 3 atoms from the 
nitrogen atom forming an ionic coordinate bond with a metal cation. 

10. An organic electroluminescent element comprising a light emission layer comprised of single or plural thin layers of 
an organic compound put between an anode and a cathode fiacing to each other, in which at least one of the thin 
la^r of the organic compound contains a salt of the anion of a confound represented by Formula VII and a metal 
cation. 

Formula VII 



H H L,a 



wherein L13 is an -N(R35)- group or a -C(R38){R37)- group, L14 is a nitrogen atom or a -C{R38)= group, Li 5 is a nitro- 
gen atom or a =C(R39)- group, R34, R35, Rgg, R37, R38, and Rgg are each a hydrogen atom or a substituent, and at 
least one of R34, R35. R3S, R37. R38 and R39 has a nitrogen atom or a chalcogen atom at a position far from 2 or 3 
atoms from the nitrogen atom forming an ionic coordinate bond with a metal cation. 

11. An organic electroluminescent element comprising a light emission layer comprised of single or plural thin layers of 
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an organic compound put between an anode and a cathode facing to each other, in which at least one of the thin 
^yer of the organic connpound contains a sa!t of the anion of a compound represented by Formuia Vill and a metal 
cation. 

Formula VIII 




wherein L^s 'i^ an -N(R4i)- group or a -CiB^^iR^s)- group, L17 is a nitrogen atom or a -C(R44)= group, Lts is a nitro- 
gen atom or a =C(R45)- group. R40. R42. R43. R44, and R45 are each a hydrogen atom ora sulastituent, and at 
least one of R40 through R45 has a nitrogen atom or a chalcogen atom at a position far from 2 or 3 atoms from the 
nitrogen atom fonming an ionic coordinate bond with a metal cation. 

12« An organ tc electroluminescent element comprising a light emission layer comprised of single or plural thin layers of 
an organic compound put between an anode and a cathode facing to each other, in which at least one of the thin 
layer of the organic compound contains a ssUt of the anion of a compound represented by Fomnula tX and a metal 
cation, 

Formula IX 




O 



wherein R4e, R47. R4a and R49 are each a hydrogen atom or a substituent, R46 and R47 may be bonded with each 
other to form a ring condensed with the pyrazole ring. R48 and R49 may be bonded with each other to form a ring 
condensed with the imidazole ring, and at least one of R4e through 849 has a nitrogen atom or a chalcogen atom 
at a position far from 2 or 3 atonns from the nitrogen atom fomning an ionic coordinate bond with a metal cation. 

13. An organic electroluminescent element comprising a light emission layer comprised of single or plural thin layers of 
an organic compound put between an anode and a cathode facing to each other, in which at least one of the thin 
layer of the organic compound contains a salt of the anion of a compound represented by Formula X and a metal 
cation, 



Fonnula X 




R53 



wherein R^q, R^i, R52 and R53 are each a hydrogen atom or a substituent, R50 and R51 may be bonded with each 
other to form a ring condensed with the pyrazole ring, Hsz ^ bonded with each other to form a ring 
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condensed with the pyrimidine ring, and at least one of R50 through R53 has a nitrogen atom or a chalcogen atom 
at a position far from 2 or 3 atoms from the nitrogen atom forming an ionic coordinate bond with a metal cation. 

14. An organic electroluminescent element comprising a light emission layer comprised of single or plural thin layers of 
an organic compound put between an anode and a cathode feeing to each other, In which at least one of the thin 
layer of the organic compound contains a salt of the anion of a compound represented by Formula XI and a metal 
cation. 



Formula XI 




wherein R54, R55 and are each a hydrogen atom or a sulastituent, R54 and R55 may be bonded with each other 
to form a ring condensed with the pyrazole ring, and at least one of R54, R55 and R56 has a nitrogen atom or a chal- 
cogen atom at a position far from 2 or 3 atoms from the nitrogen atom forming an ionic coordinate bond with a metal 
cation. 

15. An organic electroluminescent element comprising a light emission layer comprised of single or plumi thin layers of 
an organic compound put between an anode and a cathode fiacing to each othen in which at least one of the thin 
layer of the organic compound contains a salt of the anion of a compound represented by Fomnula XII and a metal 
cation. 



Formula XII 




wherein Z| and Z2 are each a group of atoms necessary to form a 5- or 6-member ring, R57 is a substrtuent, is 
a nitrogen atom or a carbon atom, L|g and Lgo are each an -N=, an • N(Rse)- group, an an -S- or a -Se-, and 
RsB Is a substituent 

16. An organic electroluminescent element comprising a light emission layer comprised of single or plural thin layers of 
an organic compound put between an anode and a cathode facing to each other, in which at least one of the thin 
layer of the organic compound contains an organic metal complex having a coordination bond formed by an oxygen 
anion and metai cation and a coordination bond fomned between nitrogen or chalcogen atom and metal. 

17. An organic etectroluminescent element comprising a light emission layer comprised of single or plural thin layers of 
an organic compound put between an anode and a cathode facing to each other, In which at least one of the thin 
layer of the or^nic compound contains a salt of the anion of a compound represented by Formula XIII or Formula 
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XIV and a metal cation, 

Formula XIII Formula XIV 



5 




wherein Z3 and Z4 are each a group of atoms necessary to form an aromatic heterocyciic ring together with the - 
C(Rs9)=C(OH) group or the -N(Reo)-C(OH)* group, the aromatic heterocyclic group may have a substituent and the 
IS substftuents adjacent with each other may be bonded to fonn a ring condensed with the aromatic heterocyclic ring, 
and R59 and Reo are each a heterocyclic ring containing one or two nitrogen atoms and one of the nitrogen ring is 
at posltion-1 or position-2 of the ring. 

18. An organic electroluminescent element comprising a light emission layer comprised of single or plural thin layers of 
20 an organk; compound put between an anode and a cathode facing to each other, in which at least one of the thin 
layer of the organic compound contains a salt of the anion of a compound represented by Formula XV or Formula 
XVI and a metal cation. 

Formula XV Formula XVI 

25 



30 




35 wherein Z5 and Zq are each a group of atoms necessary to fomi an aromatic heterocyclic ring together with the - 
C(R6i)=C(OH)- group or the -N(R62)-C(0H)- group, the aromatic heterocyclic ring may have a substituent and the 
substituents adjacent with each other may be bonded to form a ring condensed with the aromatic heterocyclic ring, 
and Rgi and R^g are each a non-cyclic substituent having a nitrogen atom or a chalcogen atom at position-1 or 
position-2 thereof. 

40 

19. An organic electroluminescent element comprising a light emission layer comprised of single or plural thin layers of 
an organic compound put between an anode and a cathode facing to each other, in which at least one of the thin 
layer of the organic compound contains a salt of the anion of a compound represented by Formula XVII or Fomriula 
XVIII and a metal cation, 

45 

Formula XVII Formula XVIII 



so 



55 




wherein Zj and Ze are each a group of atoms necessary to form an aromatic heterocyclic ring together with the - 
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C(R63)=C(OH)- group or the -N(R64)-C(0H)- group, the aromatic heterocyclic ring may have a substituent and the 
substituents adjacent with each other may be bonded to form a ring condensed with the aromatic heterocyclic ring, 
and Re3 and R^i are each a non-cyclic substituent having a nitrogen atom or a chalcogen atom at position-1 or 
position-2 thereof. 

20. An organic electroluminescent element comprising a light emission layer comprised of single or plural thin layers of 
an organk: compound put between an anode and a cathode facing to each other, in which at least one of the thin 
layer of the organic compound contains a salt of the anion of a compound represented by Formula XIX and a metal 
cation. 



Formula XIX 



1$ 




wherein Zg Is a group of atoms necessary to fomi a 5-nriember aromatic heterocyclic ring, Xg Is a nitrogen atom or 
a chalcogen atom, Z^q ^ ^^^^ ^ group of atoms necessary to forni a condensed ring, the condensed ring 
may has a substituent and may further form a condensed ring. 

25 

21. An organic electroluminescent element comprising a light emission layer comprised of single or plural thin layers of 
an organic compound put between en anode and a cathode facing to each other, in which at least one of the thin 
layer of the organic compound contains a salt of the anion of a compound represented by Formula XX and a metal 
cation. 

30 

Formula XX 




wherein t is a group of atoms necessary to form a 5-member aromatic heterocyclic ring, X3 is a chalcogen atom, 
Zf2 and Z13 are each a group of atoms necessary to form a condensed ring together with Z^i and Z12. respectively, 
the condensed ring may have a substituent and may further form a condensed ring. 

45 

22. An organic electroluminescent element comprising a light emission layer comprised of single or plural thin layers of 
an organic compound put between an anode and a cathode facing to each other, in which at least one of the thin 
layer of the organic compound contains a salt of the anion of a compound represented by Formula XXI and a metal 
cation. 

50 



55 
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Formula XXI 




wherein 2^4 is a group of atoms necessary to form a 6-member aromatic carbon hydride ring or a 6-member aro- 
matic heterocyclic ring. X4 is a nitrogen atom or a chalcogen atom, Z15 is a group of atoms necessary to fonm a 5- 
member aromatic carbon hydride ring or a 5-member aromatic heterocycfic ring by condensing with Z14, the con- 
densed ring may have a substituent and may further fonn a condensed ring. 

23. An organic electroluminescent element comprising a light emission layer comprised of single or plural thin layers of 
an organic compound put between an anode and a cathode facing to each other, in which at least one of the thin 
layer of the organb compound contains a salt of the anion of a compound represented by Fomnula XXII and a metal 
cation, 



wherein Z^g is a group of atoms necessary to form a 6-member aromatic carbon hydride or a 6-member aromatic 
heterocycfic ring, X5 is a nitrogen atom or a chalcogen atom, Z17 and Zts are each a group of atoms necessary to 
form a condensed ring together with Zjg and Z^j, respectively, the condensed ring may have a substituent and may 
further forni a condensed ring. 

24. An organic electroluminescent element comprising a light emission layer comprised of single or plurel thin layers of 
an organic compound put between an anode and a cathode facing to each other. In which at (east one of the thin 
layer of the organic compound contains a salt of the anion of a compound represented by Formula XXI II and a 
metal cation, 



wherein Z^g Is a group of atoms necessary to form a 6-member aromatic cartx)n hydride ring or a 6-member aro- 
matic heterocyclic ring, Xg Is a nitrogen atom or a chalcogen atom, Z20 is a group of atoms necessary to fomn a 5- 
member aromatic heterocyclic ring by condensing with Z^g. Z21 is a group of atoms necessary to form a 6-member 
aromatic cartoon hydride ring or a 6-member aromatic heterocyclic ring by condensing with 2^ the condensed ring 
may have a substituent and may further fomn a condensed ring. 



Formula XXII 




Formula XXXII 
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25. An organic electroluminescent element comprising a light emission layer comprised of single or plural thin layers of 
an cr^nic compound put between an anode and a cathode lacing to each other, in which at least one of the thin 
layer of the organic connpound contains a saft of the anion of a compound represented by Formula XXIV and a 
metal cation. 



wherein Z^gg is a group of atoms necessary to form a e-member aromatic carbon hydride ring or a 6-member aro- 
matic heterocyclic ring, X7 is a nitrogen atom or a chalcogen atom. Z23 is a group of atoms necessary to form a 6- 
member aromatic heterocycfic ring by condensing with Z22, Z24 is a group of atoms necessary to fomn a 6-member 
aromatic carbon hydride ring or a 5-member aromatic hetercteyclic ring by condensing with Z23, the condensed ring 
may have a substituent and msy further form a condensed ring. 

26. The organic electroluminescent element of claim 1 to 25 wherein the metal element of the metal cation of the 
organic metal complex is Al, Ga, In, Tl. Be. Mg, Sr. Ba, Ca, Zn. Cd, Hg, Pd or Cu. 



Formula XXIV 
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